Abstract Percutaneous central vascular venous access to allow positioning of a totally implantable access port (TIAP) is a widely employed procedure. An open issue is the need to find an ionizing radiation free technique which allows a safe and correct positioning of the device. Echoguided vein puncture is currently accepted as the best method for decreasing major immediate complications. We describe an entirely echo-based method for the insertion and assessment of correct placement of the totally implantable access ports (TIAP). 20 TIAPs with the described technique have been placed. TIAP can be safely positioned by entirely echo-guided technique avoiding ionizing radiation imaging.
Introduction
Percutaneous central vascular venous access to allow positioning of a totally implantable access port (TIAP) is a widely employed procedure, especially in oncology patients.
The use of ultrasound (US) for vein puncture has demonstrated great and successful improvements and is accepted as the best current method of decreasing the risk of major immediate complications such as arterial puncture and pneumothorax (PNX) [1] . Some challenges however remain unsolved such as the safe insertion of central catheter avoiding the safe central catheter insertion and avoiding the use of chest X-ray and fluoroscopy [2] .
We designed a study based on an entirely US-guided technique to correctly perform the vein puncture and to check for correct positioning of the catheter by visualizing the metallic wire (Seldinger) in the superior vena cava (SVC) or in the right atrium (RA). To the best of our knowledge this technique has not been described before.
Patients and Methods
Patients demographics are described in Table 1 .
Surgical Technique
The patient is placed supine and flat on the operating table without a pillow.
The surgical field is extended from the neck to the whole anterior wall of the thorax up to epigastrium, allowing exposure of the epigastric cardiac US window [3] . A 7.5 MHz linear US probe covered with sterile plastic dressing is used to approach the internal jugular vein, and an echocardiographic probe put on the epigastrium is used to check for the presence of metallic wire (MW) in SVC or in RA.
After the puncture, the 45 cm MW is pushed until it appears in SVC or in RA. On US scan, the MW tip appears as a hyperechoic image (Fig. 1) . In the cases (not reported in this study) in which the MW tip has not been shown by US, the C-arm was used for fluoroscopy. The MW is then retracted until its tip goes out from the RA and the cavoatrial junction (CAJ) in order to calculate the required length of the catheter. In almost all cases of this series, the length of the catheter was calculated with the use of anatomical and anthropometric landmarks.
All cases underwent chest X-ray after the procedure to verify the correct positioning of the device, as prescribed by hospital protocol.
Results
From December 15, 2010, to May 15, 2011, a total of 20 TIAPs (8 Fr plastic port open-ended single lumen, BARD Access System Inc, West Salt Lake City, UT, USA), were placed with the described technique. Results are shown in Table 2 .
The median time length of procedure was 30 min (range 24-42 min).
The only limitations found to the use of the described technique are obesity, recent previous abdominal operations, and large liver metastasis which dislocate the liver, reducing the epigastric US window.
Discussion
The two most important topics linked to the positioning of TIAP and of central venous catheter (CVC) in general consist of avoiding major complications and ensuring the correct positioning of the catheter tip [4, 5] . Anatomical variations of the internal jugular vein occurring in about 5 % of patients, makes it difficult to locate the vein using anatomical landmarks only. Puncture-related complications occur in up to 11 % of cases and even procedure-related death cases are reported [3] .
Most of early complications can be avoided by carefully evaluating the technique to be adopted.
Although the surgical technique to place catheters in a central vein has been reported as safe, the Seldinger technique is used by the vast majority of operators [3] .
US-guided positioning is actually the gold standard to ensure safe catheter insertion. A systematic review shows clear benefits from two-dimensional ultrasound guidance for central venous access as compared with the landmark method [6] . There is compelling evidence that US-guided venipuncture by real-time US is associated with a lower incidence of complications and a higher rate of success than blind venipuncture. It has also been shown as quicker and safer than the landmark method in both adults and children [4, [7] [8] [9] [10] . However, the blind cannulation of a central vein method is still used in many centers. The chest X-ray is compulsory when the technique used is not US guided, allowing detection not only of the correct position of the device but also of the possible presence of a blind puncture-related PNX [11] .
Accuracy of bedside chest X-ray in detecting the exact positioning of central venous catheters is still debated [12] .
If a PNX is suspected, US scan can also show the presence of revealing signs with a higher sensitivity than traditional X-ray and can also detect small PNX [13] . Results from the largest published series of consecutive patients with cancer undergoing CVC insertion under US guidance indicate that such technique should be mandatory for central venous insertion in patients, especially in the more seriously ill ones [14, 15] . When using the blind technique, incidence of axillary vein or right atrial catheter malposition is 14 % and clinical signs alone will not reliably identify malpositioned catheters [16] . Although in several centers, US guide is often also used to verify the exact position of a CVC device; to the best of our knowledge, the use of US has not been described in literature as carried out during the procedure but only after the procedure itself to verify correct positioning of the catheter. The superiority of echocardiography in detecting the correct CVC placement compared with the portable supine chest radiograph has been described [17] .
As US has become part of daily practice in central venous access [18, 19] , we tried to apply this common skill to intraoperatively solve the CVC tip's position problem. Fluoroscopic examination implies a high dose of radiation and is rarely available except for the operating room and/or radiology department [20] .
Catheter placement in a main vein on the other hand is easily verifiable by ultrasonography [20] . The diagnostic criterion for assessment of catheter position is the identification of the catheter itself in the vena cava as a line of hyperechoic dots on gray scale sonography [21] . In the present study, chest X-ray had to be used because of hospital protocol. However, its use merely confirmed the accuracy of the entirely US-guided positioning technique.
Conclusions
In conclusion, this study describes a new, safe, and simple technique which could potentially avoid the use of fluoroscopy and chest X-ray. Furthermore, it would be able to calculate the required length of the catheter without anatomical landmarks. This technique requires a single operator, such as a surgeon skilled in ultrasonography, and takes advantage of routine US equipment.
